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(57) ABSTRACT

A feedthrough type three-terminal electronic component has
a monolithic structure including stacked internal signal
clectrodes and internal ground electrodes with dielectric
layers disposed therebetween Internal dummy electrodes,
which essentially do not contribute to electrostatic capacity
formation, are disposed 1n at least one of a region defined by
both side portions of internal signal electrodes and an
external ground electrode provided on both side surfaces of
the monolithic structure, viewing the monolithic structure in
planar fashion, and a region defined by both side portions of
internal ground electrodes and external signal electrodes
provided on both side surfaces of the monolithic structure,
viewing the monolithic structure in planar fashion. Thus, a
highly reliable feedthrough type three-terminal electronic
component with a uniform sintering state 1n the monolithic
structure, and low resistance, 1s provided.

20 Claims, 8 Drawing Sheets
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FEEDTHROUGH TYPE THREE-TERMINAL
ELECTRONIC COMPONENT

BACKGROUND OF THE INVENTION

1. Field of the invention

The present mvention relates to a feedthrough type three-
terminal electronic component having a monolithic structure
formed by stacking one or more pairs of an internal signal
clectrode and an internal ground electrode so as to face one
another across a dielectric layer, a pair of external signal
clectrodes which are connected to extension portions of the
internal signal electrodes, and an external ground electrode
connected to internal ground electrodes.

2. Description of the Related Art

FIGS. 6A and 6B, 7A and 7B, and 8 illustrate a
feedthrough type three-terminal electronic component
(feedthrough type three-terminal capacitor) which is a type
of a monolithic electronic component.

Here, FIG. 6A 1s a front cross-sectional view of a con-
ventional feedthrough type three-terminal electronic
component, FIG. 6B 1s a side cross-sectional view thereof,
FIG. 7A 1s a plan view 1llustrating the form of an internal
signal electrode, which 1s an element of a conventional
feedthrough type three-terminal electronic component, FIG.
7B 1s a plan view 1llustrating the form of an internal ground
clectrode, and FIG. 8 1s a perspective view 1llustrating the
external configuration of a conventional feedthrough type
three-terminal electronic component.

The feedthrough type three-terminal electronic compo-
nent has a structure wherein, a monolithic structure 54 (FIG.
8) is formed by stacking an internal signal electrode 52 (see
FIG. 7A) and an internal ground electrode 53 (see FIG. 7B)
so that the principal portions thereof face one another across
a dielectric layer 51 as shown i FIGS. 6A and 6B. In
addition, as shown in FIG. 8, a pair of external signal
electrodes 55a and 55b (FIG. 6A) to which the extension
portions 52a and 52b of internal signal electrodes 52 are
connected 1s disposed on both end surfaces of the monolithic
structure 54, and an external ground electrode 56 (FIG. 6B)
to which the extension portions 53a and 53b of internal
oround electrodes 53 are connected 1s disposed on both side
surfaces of the monolithic structure 54.

Now, with a feedthrough type three-terminal electronic
component (feedthrough type three-terminal capacitor) hav-
ing such a structure, normally, the electronic component
includes a predetermined number of ceramic green sheets 57
upon which is disposed an internal signal electrode (pattern)
52 as shown 1n FIG. 7A and ceramic green sheets 58 upon
which is disposed an internal ground electrode (pattern) 53
as shown 1n FIG. 7B being alternately layered, and further,
outer layer ceramic green sheets (not shown) with no
internal electrodes disposed thereon being layered on both
the top and bottom and surfaces, and subjected to the
processes of compression and baking, so that, as shown in
FIGS. 6A and 6B, internal electrodes (the internal signal
electrodes 52 and internal ground electrodes 53) are layered
with high concentration at the region X (electrode layering
region) wherein the internal signal electrodes 52 and internal
oround electrodes 53 are layered, but at the regions Y
(extension portion layering region for signals) wherein the
extension portions 52a and 52b of the internal signal elec-
trodes 52 are disposed, and at the regions Z (extension
portion layering region for grounding) wherein the extension
portions 33a and 53b of the 1internal ground electrodes 53 are
disposed, the internal electrodes (extension portions 52a and
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52b and extension portions 53a and 53b) are disposed at
every other layer (sparsely), meaning that there are irregu-
larities in the layering concentration (distribution
concentration) of the internal electrodes.

Consequently, at the time of baking the monolithic
structure, scattering at the internal electrodes partially and
selectively increases, so the sintering state of the internal
clectrodes becomes non-uniform, resulting 1n a problem
wherein there are wrregularities 1n the resistance of the
internal electrodes.

Particularly, the sintering tends to be insuificient in the
signal extension portion layering regions Y and the ground-
ing extension portion layering regions Z, and connection
with the external signal electrodes 554 and 55b and the
external ground electrode 56 becomes poor, so there has
been a problem 1n that the DC resistance tends to fluctuate.

Also, the resistance of the internal signal electrodes and
the mternal ground electrodes normally tends to become
hiech 1n the event that sintering i1s insufficient, but these
characteristics also become high in the event that sintering
1s excessive, and the wrregularities 1n concentration on the
monolithic structure due to the disposed state of the internal
signal electrodes and grounding causes msuilicient or exces-
sive sintering, and 1s a great factor leading to fluctuations in
the DC resistance.

SUMMARY OF THE INVENTION

In order to overcome the problems described above,
preferred embodiments of the present invention provide a
highly reliable feedthrough type three-terminal electronic
component having a monolithic structure imcluding iternal
signal electrodes and internal ground electrodes stacked so
as to face one another across a dielectric layer, wherein the
sintering state of the monolithic structure 1s uniform and DC
resistance 1s very small.

According to a first preferred embodiment of the present
invention, a feedthrough type three-terminal electronic com-
ponent 1ncludes a monolithic structure having one or more
pairs of an internal signal electrode and an iternal ground
electrode stacked so as to face one another across a dielectric
layer, external signal electrodes communicating with exten-
sion portions of the mternal signal electrodes and disposed
on both end surfaces of the monolithic structure, and an
external ground electrode communicating with extension
portions of the internal ground electrodes and disposed on
both side surfaces of the monolithic structure, wherein
internal dummy electrodes, which essentially do not con-
tribute to electrostatic capacity formation, are disposed 1n at
least one of: (a) a region defined by both side portions of the
internal signal electrodes and the external ground electrode
provided on both side surfaces of the monolithic structure,
viewing the monolithic structure in planar fashion; and (b)
a region defined by both side portions of the internal ground
clectrodes and the external signal electrodes provided on
both side surfaces of the monolithic structure, viewing the
monolithic structure in planar fashion.

Disposing internal dummy electrodes which essentially
do not contribute to electrostatic capacity formation in at
least one of a region defined by both side portions of internal
signal electrodes and the external ground electrode provided
on both side surfaces of the monolithic structure, viewing
the monolithic structure i1n planar fashion, and a region
defined by both side portions of mnternal ground electrodes
and external signal electrodes provided on both side surfaces
of the monolithic structure, viewing the monolithic structure
in planar fashion, suppresses irregularities in the concentra-
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fion of internal electrodes disposed within the monolithic
structure and makes the sintering state of internal electrodes
at the time of baking the monolithic structure uniform,
thereby enabling irregularities in the resistance of internal
clectrodes to be minimized and prevented.

That 1s, with the feedthrough type three-terminal elec-
tronic component according to preferred embodiments of the
present invention, there are few irregularities 1n the concen-
tration of internal electrodes, imbalance 1n the state of
disposal of internal electrodes in the monolithic structure
formed by alternately stacking internal signal electrodes and
internal ground electrodes across dielectric layers (ceramic
green sheets) and compressing in the manufacturing process
1s prevented from occurring, thereby preventing irregulari-
fies 1n the compression state and making the sintering state
uniform. Accordingly, a feedthrough type three-terminal
clectronic component with small DC resistance and high

reliability can be obtained 1n a highly reliable manner.

Further, providing internal dummy electrodes increases
the area of contact between the external signal electrodes
and 1nternal signal electrodes, and the area of contact
between the external ground electrode and internal ground
clectrodes, thereby increasing the adhesion strength of the
external electrodes, while the increased area of contact
reduces the contact resistance, thereby improving anti-surge
properties.

Now, with preferred embodiments of the present
invention, the phrase “a region defined by both side portions
of internal signal electrodes and the external ground elec-
trode provided on both side surfaces of the monolithic
structure, viewing the monolithic structure in planar fash-
lon” 1s a concept meaning a region deflned by both side
portions of internal signal electrodes and the external ground
electrode provided on both side surfaces of the monolithic
structure, viewing the monolithic structure 1n planar fashion,
regardless of whether on the same plane 1n the monolithic
structure where an 1ternal signal electrode 1s disposed or on
a different plane. This 1s a broad concept including not only
feedthrough type three-terminal electronic components
manufactured by a process wheremn, for example, mternal
dummy electrodes are disposed on the same ceramic green
sheets where 1nternal signal electrodes are disposed, and the
ceramic green sheets are layered, of course, but also to
feedthrough type three-terminal electronic components
manufactured by a process wherein internal dummy elec-
trodes are disposed on different ceramic green sheets from
those where internal signal jog electrodes are disposed, and
the ceramic green sheets are stacked.

Further, the concept of “a region defined by both side
portions of internal ground electrodes and external signal
electrodes provided on both end surfaces of the monolithic
structure, viewing the monolithic structure 1n planar fash-
lon” 1s also a broad concept 1n the same way as with the
above-described region defined by both side portions of
internal signal electrodes and the external ground electrode
provided on both side surfaces of the monolithic structure.

Moreover, with preferred embodiments of the present
invention, the internal dummy electrodes may or may not be
in a state of conducting with the external signal electrodes
and the external ground electrode. However, a situation
wherein the mternal dummy electrodes are in a state of
conducting with the internal signal electrodes and internal
oground electrodes 1s undesirable, since the mternal dummy
clectrodes will greatly contribute to electrostatic capacity
formation.

Also, according to a second preferred embodiment of the
present mvention, a feedthrough type three-terminal elec-
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tronic component 1includes a monolithic structure including
a stack of one or more pairs of an internal signal electrode
and an internal ground electrode, facing one another across
a dielectric layer, external signal electrodes communicating
with extension portions of internal signal electrodes and
disposed on both end surfaces of the monolithic structure,
and an external ground electrode communicating with exten-
sion portions of internal ground electrodes and disposed on
both side surfaces of the monolithic structure, wherein
internal dummy electrodes, which essentially do not con-
tribute to electrostatic capacity formation, are disposed in
both: (a) a region defined by both side portions of internal
signal electrodes and the external ground electrode provided
on both side surfaces of the monolithic structure, viewing
the monolithic structure in planar fashion, and (b) a region
defined by both side portions of internal ground electrodes
and external signal electrodes provided on both side surfaces
of the monolithic structure, viewing the monolithic structure

in planar fashion.

Disposing internal dummy electrodes which essentially
do not contribute to electrostatic capacity formation in both
a region defined by both side portions of internal signal
clectrodes and the external ground electrode provided on
both side surfaces of the monolithic structure, viewing the
monolithic structure 1n planar fashion, and a region defined
by both side portions of internal ground electrodes and
external signal electrodes provided on both side surfaces of
the monolithic structure, viewing the monolithic structure 1n
planar fashion, enables irregularities 1n the concentration of
internal electrodes disposed 1n the monolithic structure to be
prevented and eliminated, thereby making the sintering state
of internal electrodes at the time of baking the monolithic
structure uniform.

Further, the area of contact between the external signal
clectrodes and internal signal electrodes and the area of
contact between the external ground electrode and iternal
oround electrodes increases, such that increases 1n contact
resistance are minimized and prevented 1n an even more
reliable manner, and consequently, the completed product
has excellent anti-surge properties.

Also, regarding the internal dummy electrodes, internal
dummy electrodes, disposed 1n a region defined by both side
portions of internal signal electrodes and the external ground
clectrode provided on both side surfaces of the monolithic
structure, may have a form essentially corresponding to the
form of the extension portions of 1internal ground electrodes,
and may have dimensions extending 1n the direction follow-
ing both side surfaces of the monolithic structure which are
essentially the same as or greater than the width of the
extension portions of the internal ground electrodes.
Alternatively, internal dummy electrodes, disposed 1n a
region defined by both side portions of internal ground
clectrodes and external signal electrodes provided on both
side surfaces of the monolithic structure, may have a form
essentially corresponding to the form of the extension por-
tions of 1nternal signal electrodes, and may have dimensions
extending in the direction following both end surfaces of the
monolithic structure which are essentially the same as or
orcater than the width of the extension portions of the
internal signal electrodes.

This arrangement wherein, of the internal dummy
clectrodes, mternal dummy electrodes, disposed in a region
defined by both side portions of internal signal electrodes
and the external ground electrode provided on both side
surfaces of the monolithic structure, have a form essentially
corresponding to the form of the extension portions of
internal ground electrodes, and have dimensions extending
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in the direction following both side surfaces of the mono-
lithic structure which are essentially the same as or greater
than the width of the extension portions of the internal
oground electrodes, and internal dummy electrodes, disposed
in a region defined by both side portions of internal ground
clectrodes and external signal electrodes provided on both
side surfaces of the monolithic structure, have a form
essentially corresponding to the form of the extension por-
tions of internal signal electrodes, and have dimensions
extending in the direction following both end surfaces of the
monolithic structure which are essentially the same as or
orcater than the width of the extension portions of the
internal signal electrodes, enables the disposed state of the
internal electrodes to be even more uniform, achieving
further advantages of the present invention.

The reason that the dimensions of the internal dummy
clectrodes 1n the above-described predetermined direction
arc preferably the same as or greater than the width of the
extension portions of the internal ground electrodes or
internal signal electrodes 1s that this structure results 1n each
of the electrodes being sandwiched between dummy elec-
trodes from above and below, thereby facilitating making
uniform the sintering state of the internal electrodes.

In an alternative arrangement, the internal dummy elec-
trodes may be disposed only 1n the region defined by both
side portions of internal signal electrodes and the external
oround electrode provided on both side surfaces of the
monolithic structure, and may not be disposed 1n the region
defined by both side portions of internal ground electrodes
and external signal electrodes provided on both side surfaces
of the monolithic structure.

With the arrangement wherein internal dummy electrodes
are disposed only 1n the region defined by both side portions
of internal signal electrodes and the external ground elec-
trode provided on both side surfaces of the monolithic
structure, the sintering state 1s made uniform to a degree
which 1s sufliciently meaningful for actual use, and the DC
resistance 1s greatly reduced. This 1s because the width of the
extension portions of the internal ground electrodes 1is
smaller than the width of the extension portions of the
internal signal electrodes, and accordingly 1s more readily
affected by smtering of the internal electrodes.

Also, N1 or a N1 alloy may be used as a material for
forming the internal signal electrodes and the internal
oground electrodes.

In the event that N1 or a N1 alloy 1s used as the material
for forming the internal signal electrodes and the internal
oground electrodes, irregularities 1n the sintering state occur
more readily due to imbalance i1n the state of internal
clectrodes disposed in the monolithic structure, since Ni
scatters more readily than Pd at the time of sintering, but the
sintering state can be made uniform and the DC resistance
reduced by applying preferred embodiments of the present
invention 1n such a case, which 1s particularly significant.

Also, the thickness of the internal signal electrodes, the
internal ground electrodes, and the internal dummy
clectrodes, may be about 2 um or less.

As the number of layers of internal electrodes increases,
the thickness of the internal signal electrodes, internal
oround electrodes, and internal dummy electrodes often
becomes thinner, and 1n the event that the thickness of the
internal electrodes including the extension portion 1s about
2 um or less, great fluctuations 1 DC resistance readily
occur due to the sintering state of the internal electrodes, but
in such a case, applying preferred embodiments of the
present mvention allows a feedthrough type three-terminal
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clectronic component to be obtained with a uniform sinter-
ing state and small DC resistance, which 1s particularly
significant.

Other features, elements, characteristics and advantages
of the present invention will become more apparent from the
following detailed description of preferred embodiments
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a front cross-sectional view of a feedthrough
type three-terminal electronic component (feedthrough type
three-terminal capacitor) according to a preferred embodi-
ment of the present invention;

FIG. 1B 1s a side cross-sectional view of the feedthrough
type three-terminal electronic component of FIG. 1A;

FIG. 2A 15 a plan view 1llustrating the form of internal
signal electrodes making up the feedthrough type three-
terminal capacitor according to a preferred embodiment of
the present invention;

FIG. 2B 1s a plan view illustrating the form of internal
cround electrodes 1n FIG. 2A;

FIG. 3 1s a perspective view 1llustrating the external
conilguration of the feedthrough type three-terminal capaci-
tor according to a preferred embodiment of the present
mvention;

FIG. 4A 1s a diagram 1illustrating a modification of the
feedthrough type three-terminal capacitor according to a
preferred embodiment of the present invention;

FIG. 4B 1s a diagram 1llustrating another modification of
the feedthrough type three-terminal capacitor according to a
preferred embodiment of the present invention;

FIG. 5 1s a diagram 1illustrating yet another modification
of the feedthrough type three-terminal capacitor according
to a preferred embodiment of the present invention;

FIG. 6A 1s a front cross-sectional view of a conventional
feedthrough type three-terminal electronic component
(feedthrough type three-terminal capacitor);

FIG. 6B 1s a side cross-sectional view of the conventional
feedthrough type three-terminal electronic component

shown m FIG. 6A;

FIG. 7A 1s a plan view 1llustrating the form of an internal
signal electrode making up a conventional feedthrough type
three-terminal electronic component;

FIG. 7B 1s a plan view 1illustrating the form of an internal
cground electrode; and

FIG. 8 1s a perspective view 1llustrating the external

conflguration of a conventional feedthrough type three-
terminal electronic component.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Features of the present invention will be further described
in the following description of a preferred embodiment
thereof. A feedthrough type three-terminal capacitor will be
described as an example of a feedthrough type three-
terminal electronic component.

FIG. 1A 1s a front cross-sectional view of a feedthrough
type three-terminal electronic component (feedthrough type

three-terminal capacitor) according to a preferred embodi-
ment of the present invention, FIG. 1B 1s a side cross-
sectional view thereof, FIG. 2A 1s a plan view 1llustrating the
form of internal signal electrodes making up the feedthrough
type three-terminal capacitor shown 1n FIG. 1, FIG. 2B 1s a
plan view 1llustrating the form of internal ground electrodes,
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and FIG. 3 1s a perspective view 1llustrating the external
configuration of the feedthrough type three-terminal capaci-
tor according to the present preferred embodiment.

As shown m FIGS. 1A through 3, the feedthrough type
three-terminal capacitor according to the present preferred
embodiment 1s a monolithic structure 4 formed by stacking
internal signal electrodes 2 (see FIG. 2A) and internal
ground electrodes 3 (see FIG. 2B) so that the principal
portions thereof face one another across a dielectric layer 1,
with a pair of external signal electrodes 54 and 5b to which
the extension portions 2a and 2b of internal signal electrodes
2 (FIG. 2A) are connected being disposed on both end
surfaces of the monolithic structure 4, and with an external
oground electrode 6 to which the extension portions 3a and 3b
of mternal ground electrodes 3 (FIG. 2B) are connected
being disposed on both side surfaces of the monolithic
structure 4 in a wraparound manner (see FIG. 3).

Also, as shown 1 FIGS. 2A and 2B, with the feedthrough
type three-terminal capacitor, internal dummy electrodes
12a and 12b, which essentially do not contribute to electro-
static capacity formation, are disposed 1n a region defined by
both side portions of internal signal electrodes 2 and an
external ground electrode 3 provided on both side surfaces
of the monolithic structure 4, viewing the monolithic struc-
ture 4 1n planar fashion, and internal dummy electrodes 13a
and 13b, which essentially do not contribute to electrostatic
capacity formation, are disposed 1n a region defined by both
side portions of internal ground electrodes 3 and external
signal electrodes 5a and 5b provided on both side surfaces
of the monolithic structure 4, viewing the monolithic struc-
ture 4 1 planar fashion.

Also, with the feedthrough type three-terminal capacitor
according to the present preferred embodiment, the internal
signal electrodes 2, internal ground electrodes 3, and mternal
dummy electrodes 12a, 12b, 13a, and 13b, are cach elec-
trodes preferably having N1 as the primary component
thereof.

Also, a bartum titanate ceramic material 1s preferably used
for the dielectric layer 1.

A feedthrough type three-terminal capacitor having a
structure such as described above 1s manufactured by, for
example, a predetermined number of ceramic green sheets 7
upon each of which 1s disposed an internal signal electrode
(pattern) 2 and internal dummy electrodes (pattern) 12a and
12b, such as shown in FIG. 2A, and a predetermined number
of ceramic green sheets 8 upon each of which 1s disposed an
internal ground electrode (pattern) 3 and internal dummy
electrodes (pattern) 134 and 13b, such as shown in FIG. 2B,
being alternately stacked, and further, outer layer ceramic
green sheets (not shown) with no internal electrodes dis-
posed being layered on both the top and bottom and sides,
the article being compressed and baked, following which a
pair of external signal electrodes 53a and 5b and an external
oground electrode 6 are formed by a method such as applying
clectroconductive paste and baking, or other suitable pro-
CESS.

However, normally, a method 1s used wherein mother
ceramic green sheets are layered and compressed to form a
mother monolithic member, which 1s cut at predetermined
locations and divided into a great number of elements, in
order to 1mprove productivity. Note that the manufacturing
method for the feedthrough type three-terminal electronic
component according to the present invention i1s by no
means restricted to this, and may be manufactured by a wide
variety of methods.
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The dimensions of the feedthrough type three-terminal
capacitor according to an example of preferred embodiments
of the present embodiment, manufactured as described
above, are as follows:

Length (L): about 2.0 mm
Width (W): about 1.25 mm

Thickness (T): about 0.8 mm

Also, the thickness of the internal signal electrodes 2,
external ground electrodes 3, internal dummy electrodes 12a
and 12b, and internal dummy electrodes 13a and 13b, 1s, for
example, about 1.5 um, with 10 layers (5 layers of the
internal signal electrodes 2 and internal dummy electrodes
12a and 12b, and 5 layers of the internal ground electrodes

3 and internal dummy electrodes 13a and 13b) being lay-
ered.

In the event that the thickness of the internal electrodes
including the extension portion 1s about 2 um or less, great
fluctuations 1 DC resistance readily occur due to the
sintering state of the internal electrodes, but 1 such a case,
applying the features of preferred embodiments of the
present mvention allows a feedthrough type three-terminal
capacitor to be obtained with a uniform sintering state and
small DC resistance.

Also, with this feedthrough type three-terminal capacitor
according to the present preferred embodiment, the thick-
ness of the dielectric layer 1s preferably about 20 um.

Further, with this feedthrough type three-terminal capaci-
tor according to the present preferred embodiment, the
dimension A of the internal dummy electrodes 12a and 12b
shown 1n FIG. 2A 1n the direction following the side surfaces
of the monolithic structure 4 1s about 0.3 mm, which 1s
approximately the same as the width B (about 0.3 mm) of the
extension portions 3a and 3b of the internal ground elec-
trodes 3. Also, the dimension C of the internal dummy
clectrodes 12a and 12b in the direction that 1s substantially
perpendicular to both side surfaces of the monolithic struc-
ture 4 1s about 0.2 mm.

Also, the dimension D of the internal dummy electrodes
13a and 13b shown 1 FIG. 2B in the direction that 1s
substantially perpendicular to both side surfaces of the
monolithic structure 4 1s about 0.8 mm, which 1s the same as
the width E (about 0.8 mm) of the extension portions 2a and
2b of the 1nternal signal electrodes 2, and also the dimension
F of the internal dummy electrodes 134 and 1356 1n the
direction following both side surfaces of the monolithic
structure 4 1s about 0.6 mm.

Also, the gap G1 (FIG. 2A) between the internal dummy
clectrodes 12a and 12b and the internal signal electrode 2,
and the gap G2 (FIG. 2B) between the internal dummy
clectrodes 13a and 13b and the internal ground electrode 3
preferably have dimensions wherein there are no etfects of
bleeding at the time of forming (printing) the internal
clectrodes, and in the case of the present preferred
embodiment, both G1 and G2 are approximately 0.1 mm.

The serial resistance values of the feedthrough type
three-terminal capacitor according to the present preferred
embodiment were measurement. The following are the
results.

Serial resistance values of the feedthrough type three-

terminal capacitor with the conventional structure,
illustrated 1n FIGS. 6A through 8:

Average value (n=10): 120.4 m
Standard deviation: 8.38 m

Serial resistance values of the feedthrough type three-
terminal capacitor according to a preferred embodi-
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ment of the present mvention, 1llustrated in FIGS. 1A

through 3:

Average value (n=10): 90.2 m

Standard deviation: 4.71 m

It can be understood from these results that with the

feedthrough type three-terminal capacitor according to the
present preferred embodiment of the present invention, the
serial resistance values are reduced approximately 30% as

compared to the feedthrough type three-terminal capacitor
with the conventional structure, while the standard deviation
is 1mproved by 50%.

The reason that the serial resistance values decrease with
the feedthrough type three-terminal capacitor according to
the present preferred embodiment i1s that, as described
above, internal dummy electrodes 13a and 13b are disposed
at the regions Y (extension portion layering region for
signals) (FIG. 1A) of the monolithic structure 4 where the
extension portions 2a and 2b of the 1nternal signal electrodes
2 are disposed, and mternal dummy electrodes 124 and 125
are disposed at the regions Z (extension portion layering
region for grounding) (FIG. 1B) where the extension por-
tions 3a and 3b of the internal ground electrodes 3 are
disposed, so the state of internal electrodes disposed 1is
approximately uniform between the region X (electrode
layering region) (FIGS. 1A and 1B) where the internal signal
electrodes 2 and internal ground electrodes 3 are layered and
the signal extension portion layering region Y and ground
extension portion layering region Z, so the sintering state
becomes uniform.

With the present invention, there 1s no particular restric-
fion 1n the specific form of the internal signal electrodes 2
and internal ground electrodes 3, and various forms may be
used, such as, as shown 1n FIG. 4A, a form wherein the
internal ground electrode 3 1s substantially rectangular, or as
shown 1n FIG. 4B, a form wherein the extension portions 3a
and 3b are wider than the internal ground electrode 3.

Also, though the above-described embodiment 1s
arranged so that the internal dummy electrodes 12a and 125
disposed 1n a region defined by both side portions of an
internal signal electrode 2 and the external ground electrode
6 provided at both side surfaces of the monolithic structure
4 are disposed on the same plane as the internal signal
clectrode 2, and so that the internal dummy electrodes 13a
and 13b disposed 1n a region defined by both side portions
of an mternal ground electrode 3 and the external signal
clectrodes 5a and 5b provided at both end surfaces of the
monolithic structure 4 are disposed on the same plane as the
internal ground electrode 3, a configuration may be made as
shown 1n FIG. 5, wherein the internal dummy electrodes 12a
and 12b and the internal dummy electrodes 13a and 13b are
disposed on ceramic green sheets 9 and 10 upon which no
internal signal electrodes 2 nor internal ground electrodes 3
are disposed, and the ceramic green sheets 7, 8, 9, and 10 are
layered, thereby disposing the internal dummy electrodes
12a, 126 13a, and 13b, on planes different to the planes on
which the internal signal electrodes 2 and mternal ground
clectrodes 3 are disposed.

Further, although not shown 1n any of the drawings, an
arrangement may be provided wherein internal dummy
clectrodes equivalent to the internal dummy electrodes 124,
126 13a, and 13b shown 1 FIG. 5 are disposed on one
ceramic green sheet upon which no internal signal electrodes
nor 1nternal ground electrodes are disposed, and this ceramic
oreen sheet 1s layered along with the ceramic green sheets
upon which the internal signal electrodes and internal
oround electrodes are disposed.

Also, 1n some 1nstances, mternal dummy electrodes may
be disposed on ceramic green sheets upon which internal
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10

signal electrodes and internal ground electrodes are
disposed, as well as on ceramic green sheets upon which no
internal signal electrodes nor internal ground electrodes are
disposed.

Also, the present preferred embodiment has been
described with an example of a feedthrough type three-
terminal capacitor, but the present invention 1s by no means
restricted to this, and 1s applicable to other feedthrough type
three-terminal electronic components, such as feedthrough
type three-terminal resistors and other suitable devices.

Further, the present invention 1s by no means restricted by
any points of preferred embodiments described above.
Instead, various applications and modifications may be
made regarding the type of material making up the dielectric
layers and internal electrodes, the number of layers, etc.,
within the scope of the present 1nvention.

Thus, according to the first preferred embodiment of the
present mnvention, a feedthrough type three-terminal elec-
tronic component has internal dummy electrodes, which
essentially do not contribute to electrostatic capacity
formation, disposed 1n at least one of a region defined by
both side portions of internal signal electrodes and the
external ground electrode provided on both side surfaces of
the monolithic structure, viewing the monolithic structure in
planar fashion, and a region defined by both side portions of
internal ground electrodes and external signal electrodes
provided on both side surfaces of the monolithic structure,
viewing the monolithic structure in planar fashion, thereby
climinating 1rregularities in the concentration of the mternal
clectrodes disposed 1n the monolithic structure, making
uniform the sintering state of the internal electrodes when
baking the monolithic structure, thereby suppressing and
preventing 1rregularities 1n resistance from occurring in the
internal electrodes, and obtaining a highly reliable
feedthrough type three-terminal electronic component
which has small DC resistance 1n a reliable manner.

The arrangement wherein, of the internal dummy
clectrodes, mternal dummy electrodes, disposed in a region
defined by both side portions of internal signal electrodes
and the external ground electrode provided on both side
surfaces of the monolithic structure, have a form generally
corresponding to the form of the extension portions of
internal ground electrodes, and have dimensions extending
in the direction following both side surfaces of the mono-
lithic structure which are essentially the same as or greater
than the width of the extension portions of the internal
oround electrodes, and 1nternal dummy electrodes, disposed
in a region defined by both side portions of internal ground
clectrodes and external signal electrodes provided on both
side surfaces of the monolithic structure, have a form
ogenerally corresponding to the form of the extension por-
tions of internal signal electrodes, and have dimensions
extending in the direction following both end surfaces of the
monolithic structure which are essentially the same as or
orcater than the width of the extension portions of the
internal signal electrodes, enables the disposed state of the
internal electrodes to be uniform in an even more reliable
manner, thereby achieving further advantages of the present
invention.

Also, with the arrangement wherein, of a region defined
by both side portions of internal signal electrodes and the
external ground electrode provided on both side surfaces of
the monolithic structure and a region defined by both side
portions of internal ground electrodes and external signal
electrodes provided on both side surfaces of the monolithic
structure, 1nternal dummy electrodes are disposed only in
the former region, the sintering state 1s made uniform to a
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degree which 1s sufficiently meaningtul for actual use, and
DC resistance 1s greatly reduced.

Also, 1n the event that N1 or a N1 alloy 1s used as the
material for forming the mternal signal electrodes and the
internal ground electrodes, irregularities 1n the sintering
state occur more readily due to imbalance 1n the state of
internal electrodes disposed 1n the monolithic structure, but
the sintering state can be made uniform and the DC resis-
tance reduced by applying features of preferred embodi-
ments of the present imvention 1 such a case, which 1is
particularly significant.

Also, as the number of layers of internal electrodes
increases, the thickness of the mternal signal electrodes,
internal ground electrodes, and internal dummy electrodes
often becomes thinner, and 1n the event that the thickness of
the internal electrodes including the extension portion 1is
about 2 um or less, great fluctuations i DC resistance
readily occur due to the sintering state of the internal
clectrodes, but 1n such a case, applying features of preferred
embodiments of the present invention allows a feedthrough
type three-terminal electronic component to be obtained
with a uniform sintering state and small DC resistance,
which 1s particularly significant.

While preferred embodiments of the invention have been
described above, 1t 1s to be understood that variations and
modifications will be apparent to those skilled in the art
without departing the scope and spirit of the invention. The
scope ol the invention, therefore, 1s to be determined solely
by the following claims.

What 1s claimed 1s:

1. A feedthrough type three-terminal electronic compo-
nent comprising:

a monolithic structure mcluding a plurality of stacked
layers including at least one pair of an internal signal
clectrode and an internal ground electrode arranged to
face each other with a dielectric layer disposed ther-
cbetween;

a plurality of external signal electrodes arranged to com-
municate with extension portions of the internal signal
clectrodes and disposed on both end surfaces of said
monolithic structure; and

an external ground electrode arranged to communicate
with extension portions of the internal ground elec-
trodes and disposed on both side surfaces of said
monolithic structure; wherein

internal dummy electrodes which do not contribute to
generation of electrostatic capacity are disposed 1n at
least one of:

(a) aregion defined by both side portions of the internal
signal electrodes and the external ground electrode
provided on both side surfaces of the monolithic
structure, viewing the monolithic structure 1n planar
fashion; and

(b) a region defined by both side portions of the internal
oground electrodes and external signal electrodes pro-
vided on both side surfaces of the monolithic
structure, viewing the monolithic structure 1n planar
fashion.

2. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein, of said internal dummy
electrodes;

(a) internal dummy electrodes, disposed in a region
defined by both side portions of internal signal elec-
trodes and the external ground electrode provided on
both side surfaces of the monolithic structure, have a
form essentially corresponding to the form of the
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extension portions of internal ground electrodes, and
have dimensions extending in the direction following
both side surfaces of the monolithic structure which are
essentially the same as or greater than the width of the
extension portions of the internal ground electrodes;
and

(b) internal dummy electrodes, disposed in a region
defined by both side portions of mternal ground elec-
trodes and external signal electrodes provided on both
side surfaces of the monolithic structure, have a form
essentially corresponding to the form of the extension
portions of internal signal electrodes, and have dimen-
sions extending in the direction following both end
surfaces of the monolithic structure which are essen-
tially the same as or greater than the width of the
extension portions of the internal signal electrodes.

3. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein internal dummy elec-
trodes are disposed only 1n a region defined by both side
portions of internal signal electrodes and the external ground
clectrode provided on both side surfaces of the monolithic
structure.

4. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein the internal signal
clectrodes and the internal ground electrodes are made of
onc of N1 and a N1 alloy.

5. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein the thickness of the
internal signal electrodes, the internal ground electrodes, and
the 1nternal dummy electrodes 1s about 2 um or less.

6. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein the feedthrough type
three-terminal electronic component 1s a feedthrough type
three-terminal capacitor.

7. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein extension portions of the
internal ground electrodes are connected to the external
oround electrode which 1s disposed on both side surfaces of
the monolithic structure 1n a wraparound manner.

8. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein the dielectric layers are
made of a barium titanate ceramic material.

9. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein the dielectric layers each
has a thickness of about 20 um.

10. A feedthrough type three-terminal electronic compo-
nent according to claim 1, wherein a gap between the
internal dummy electrodes and the internal signal electrode,
and another gap between the internal dummy electrodes and
the 1nternal ground electrode are equal to approximately 0.1
mm.

11. A feedthrough type three-terminal electronic compo-
nent comprising:

a monolithic structure including a plurality of stacked
layers mcluding at least one pair of an internal signal
clectrode and an internal ground electrode arranged to
face each other with a dielectric layer disposed ther-

ebetween;

a plurality of external signal electrodes arranged to com-
municate with extension portions of the internal signal
clectrodes and disposed on both end surfaces of said
monolithic structure; and

an external ground electrode arranged to communicate
with extension portions of the internal ground elec-
trodes and disposed on both side surfaces of said
monolithic structure; wherein

internal dummy electrodes which do not contribute to
generation of electrostatic capacity are disposed 1n both

of:
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(a) a region defined by both side portions of internal
signal electrodes and the external ground electrode
provided on both side surfaces of the monolithic
structure, viewing the monolithic structure i planar
fashion; and

(b) a region defined by both side portions of the internal
oround electrodes and external signal electrodes pro-
vided on both side surfaces of the monolithic
structure, viewing the monolithic structure 1n planar
fashion.

12. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein, of said internal dummy
electrodes;

(a) internal dummy electrodes, disposed in a region
defined by both side portions of internal signal elec-
trodes and the external ground electrode provided on
both side surfaces of the monolithic structure, have a
form essentially corresponding to the form of the
extension portions of internal ground electrodes, and
have dimensions extending in the direction following
both side surfaces of the monolithic structure which are
essentially the same as or greater than the width of the
extension portions of the internal ground electrodes;
and

(b) internal dummy electrodes, disposed in a region
defined by both side portions of internal ground elec-
trodes and external signal electrodes provided on both
side surfaces of the monolithic structure, have a form
essentially corresponding to the form of the extension
portions of internal signal electrodes, and have dimen-
sions extending in the direction following both end
surfaces of the monolithic structure which are essen-
tially the same as or greater than the width of the
extension portions of the internal signal electrodes.

13. A feedthrough type three-terminal electronic compo-

nent according to claim 11, wherein internal dummy elec-
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trodes are disposed only m a region defined by both side
portions of internal signal electrodes and the external ground
clectrode provided on both side surfaces of the monolithic
structure.

14. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein the internal signal
clectrodes and the internal ground electrodes are made of
one of N1 and a N1 alloy.

15. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein the thickness of the
internal signal electrodes, the internal ground electrodes, and
the 1nternal dummy electrodes 1s about 2 um or less.

16. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein the feedthrough type
three-terminal electronic component 1s a feedthrough type
three-terminal capacitor.

17. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein extension portions of
the mternal ground electrodes are connected to the external
oround electrode which 1s disposed on both side surfaces of
the monolithic structure 1n a wraparound manner.

18. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein the dielectric layers are
made of a bartum titanate ceramic material.

19. A feedthrough type three-terminal electronic compo-
nent according to claim 11, wherein the dielectric layers
cach has a thickness of about 20 um.

20. A feedthrough type three-terminal electronic compo-

nent according to claim 11, wherein a gap between the
internal dummy electrodes and the internal signal electrode,
and another gap between the internal dummy electrodes and
the 1nternal ground electrode are equal to approximately 0.1
mimn.
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